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We present initial results on the modeling of the circulation of plasmaspheric - 
origin plasma into the outer magnetosphere and low-latitude boundary layer 
(LLBL), using a dynamic global core plasma model (DGCPM). The DGCPM 
includes the influences of spatially and temporally varying convection and 
refilling processes to calculate the equatorial core plasma density distribution 
throughout the magnetosphere. We have developed an initial description of the 
electric and magnetic field structures in the outer magnetosphere region. The 
purpose of this paper is to examine both the losses of plasmaspheric-origin plasma 
into the magnetopause boundary layer and the convection of this plasma that 
remains trapped on closed magnetic field lines. For the LLBL electric and 
magnetic structures we have adopted here, the plasmaspheric plasma reaching the 
outer magnetosphere is diverted anti-sunward primarily along the dusk flank. 
These plasmas reach X= -15 Re in the LLBL approximately 3.2 hours after the 
initial enhancement of convection and continues to populate the LLBL for 12 
hours as the convection electric field diminishes. 
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1. INTRODUCTION 

Convection of cold plasma through the inner 

magnetosphere can be broadly divided into two different 
flow regimes by the separatrix between open and closed 
drift paths. Flux tubes on closed drift paths convect 
eastward with the earth filling to high (~10 1 * 3 cm' 3 ) densities 
[e.g., Nishida, 1966]. Flux tubes on open drift paths 
convect sunward from the tail region, filling to 
comparatively lower densities (—1-10 cm' 3 ), before being 
lost to the outer magnetosphere. During large-scale 
convection enhancements, the separatrix between open and 
closed drift paths penetrates closer to the earth. 
Plasmaspheric flux tubes on previously closed drift paths 
may now be located outside the separatrix and convect 
sunward on open drift paths into the outer magnetosphere 
creating a plasmaspheric tail [Chen and Wolf, 1972] or 
possibly a ‘detached’ plasma region [Chappell, 1974]. 



Freeman et al. [1977] were probably the firsts to suggest 
that detached plasmaspheric clouds [e.g., Chappell, 1974] 
could circulate from the dusk bulge region during large- 
scale storm-time convection gust into the outer 

magnetosphere, magnetosheath, and low-latitude boundary 
layer (LLBL) regions. Their scenario further proposed that 
such plasmas would be energized, and convect into the tail 
region, so that the plasmasphere could thus be a viable 
source of energetic magnetospheric plasmas. 

There have been several observations for which spacecraft 
crossed the magnetopause and enhanced density regions 
were observed next to and just inside the initial 
magnetopause crossing and in between successive multiple 
crossings for a single pass [Chappell, 1974], Adjacent 
observations of plasmaspheric plasmas and magnetopause 
crossings have also been reported from geosynchronous 
orbit during times of high magnetospheric activity [Elphic et 
al., 1996]. The presence of He + in the magnetospheric 
boundary layers can perhaps be used to identify the loss of 
plasmaspheric plasma out of the magnetosphere, since He* 
is a significant component of plasmaspheric plasma 
[Horwitz et al., 1984]. Observations from ISEE 1 have 
shown He* densities near the subsolar magnetopause of 0.2 
cm -3 . He* densities inside the magnetopause of 0.8 cm' 3 , and 
significant He* concentrations for two cases in the 
magnetosheath layer outside the magnetopause [Peterson et 
al., 1982]. Observations from AMPTE showed cold He* 
ions at densities in the range 0. 1-0.8 cm' 3 convecting into 
the subsolar low latitude boundary layer where it was 
evidently heated and accelerated to energies of a few keV 
[Fuselier etal., 1989]. Observations on PROGNOZ-7 have 
shown cases where the cold plasma component was 
frequently found to dominate the local magnetospheric 
plasma density in the dayside boundary layer indicated by a 
high percentage of He* ions [Lundin et al., 1985]. This cold 
plasma component may have the largest influence on the 
flow of momentum across the boundary layer [Lundin et al., 
1985; Lundin et al., 1984], 

Here we seek to explore quantitatively the circulation of 
plasmaspheric plasma into the outer magnetosphere and 
boundary layer regions using a dynamic global core plasma 
model (DGCPM) [Ober et al., 1997; Ober et al., 1995]. We 
present the results for a sequence in which the large-scale 
convection increases following a magnetically quiet period. 
First, we will discuss the formulation of the model magnetic 
and electric field structures in the outer magnetosphere 
regions used in the DGCPM, and then the implications of 
our model results will be discussed. 

2. MODEL DESCRIPTION 

The electric field structure used here for the DGCPM 
derives from a time-dependent ionospheric two-cell electric 
potential model [Sojka et al., 1986] which is mapped along 
assumed equipotential magnetic field lines given by the 
Tsyganenko-89 model (Kp=0) [Tsyganenko, 1989], These 
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magnctosphcric electric and magnetic field structures are 
used to calculate die ExB drift of approximately 140,000 
convecting cold plasma flux tubes. The plasma density is 
assumed uniform along a flux tube and the content of a tube 
is controlled by ionospheric refilling and tube volume 
variations during convection. The total ion content of a 
magnetic flux tube evolves in time as 

DiN _ F n + F s 
Dt B; 

where D/Dt is the convective derivative in the moving frame 
of the flux tube, N is the total ion content per unit magnetic 
flux, F n and F s are die ionospheric fluxes in or out of the 
tube at the northern and southern ionospheres, and is the 
magnetic field in the ionosphere at the foot point of the flux 
tube [Rasmussen, 1993; Chen and Wolf, 1972]. The net 
flux of particles into the flux tube on the dayside is 


where F D (=Fn+F s ) is the dayside ionospheric flux, n sat is the 
saturation density of plasma in the flux tube, n is the density 
of plasma in the flux tube, and F max (=2.9*10 8 
particles/cm 2 /sec) is the limiting flux of particles from the 
ionospheres [Rasmussen, 1992; Chen and Wolf, 1972], The 
saturation density is approximated from the empirical model 
of Carpenter and Anderson [1992]. The nightside flux is 
approximated as exponential drainage of the flux tube 
content into the nightside ionosphere. 

Observations of the LLBL from IMP 6 indicate that the 
bulk flow always has an anti-sunward component, that the 
LLBL is at times on closed field lines, and that the thickness 
appears to increase with increasing longitudinal distance 
from the subsolar point [Eastman et al., 1979]. Flow speeds 
are largest close to the magnetopause [Sckopke et al., 1981]. 
We can achieve these characteristics for our model LLBL 
by allowing closed magnetic field lines in the outer 
magnetospheric flanks and subsolar region to map into the 
ionosphere around the polar cap boundary and flow reversal 
region. Magnetic field lines in the LLBL are expected to 
have significant field aligned potential drops. Here the 
electric potential is mapped assuming equipotential field 
lines. The effects of field aligned potential drops on the 
structure of the electric field in the LLBL will be considered 
in future work. Figure 1 shows the model electric potential 
pattern in the ionosphere for a total polar cap potential drop 
of 72 kV. The shaded region in Figure 1 shows 
approximately the area in our model ionosphere that maps to 
the outer magnetosphere and LLBL regions. The LLBL 
flow velocities in our model are on the order of 0-300 
km/sec while the magnetospheric flow velocities in the 
outer magnetosphere tend to be in the range of 0-60 km/sec 
[e.g., Eastman et al., 1979]. Figure 2 shows the electric 





potential pattern in the equatorial magnetosphere mapped 
from the ionosphere for a total polar cap potential drop of 72 
kV. The dashed line shows the inner boundary of the 
LLBL. Within the model LLBL, the cold plasma flow is 
away from the subsolar point and anti-sunward along the 
flanks. The total potential drop across our model LLBL 
shown in Figure 2, at MLT = 15, is 26 kV which is slightly 
larger than what has been observed [e.g., Hapgood and 
Lockwood, 1993; Mozer, 1984], The width of the model 
LLBL increases with increasing anti-sunward distance. 

For the preliminary investigation here, the ionospheric 
electric potential changes in time but not the magnetic field 
structure. The location of the inner boundary of the LLBL 
is determined by the mapping of the ionospheric electric 
potential pattern and changes as the electric potential 
evolves in time. The location of the magnetopause is 
determined by the transition from closed to open magnetic 
field lines in the magnetic field model and does not change 
in time. Therefore, the width of the LLBL may become 
unrealistically large (2.6 R E at 15 MLT) at times in the 
simulation but we anticipate that the physics of the model 
still remains useful to beginning to understand the flow of 
plasmaspheric plasma into the outer magnetosphere and 
boundary layer regions. 

For the simulation presented here we consider a case in 
which the total polar cap potential drop increases suddenly 
and then decays. Figure 3 shows the total polar cap 
potential drop, the total potential drop across the LLBL and 
the width of the LLBL at MLT=15, all as a function of time. 
The polar cap potential shown in Figure 3 rises suddenly 
during the first 6 hours of the simulation. 

3. RESULTS 

The simulation shown here will illustrate the convection 
of bulge region plasmaspheric plasma into the dayside 
magnetopause boundary layer. Initially, the simulation is 
ran with a constant potential pattern until a self-consistent 
steady state density distribution is established that is 
consistent with observations of a quiet time plasmasphere. 

Plate 1 shows the initial (0 hours) density distribution in 
the magnetosphere prior to the sudden rise of the total polar 
cap potential. At 3 hours in the simulation plasmaspheric 
flux tubes convecting sunward into the outer magnetosphere 
reach the dayside magnetopause and are diverted towards 
the dusk flank of the magnetosphere. At 3.2 hours into the 
simulation, anti-sunward streaming flux tubes of 
plasmaspheric origin in the LLBL reach x = -15 R E . Shown 
here is the continued transport of plasmaspheric origin 
plasma in the LLBL at 5 hours into the simulation. At 15 
hours the sunward transport of plasmaspheric flux tubes has 
diminished and at 21 hours the plasmasphere has returned to 
a near quiet time configuration except that the plasmapause 
has shifted earthward. 

In our model simulation the cold plasma densities in the 
LLBL were in the range of 1- 10 cm 3 Using a HeVlF ratio 


Figure 3 


Plate 1 




of 0.2 that is typical of the plasmasphere [Horwitz et al., 
1984), our model would predict a He* density in the LLBL 
of 0.2-2 cm' 3 . This is in the range of observed He* densities 
in the LLBL [e g. Peterson et al., 1982; Fuselier et al., 
1989]. 


4. CONCLUSION 

In our model simulation it was observed that 
plasmaspheric flux tubes convect sunward from the dusk 
bulge region during a large-scale convection enhancement 
and are diverted along the dusk flank in the LLBL when 
reaching the outer magnetosphere. Plasmaspheric flux tubes 
convecting in the LLBL region require about 20 minutes to 
reach X= -15 Re- Transport of plasmaspheric origin flux 
tubes into the dusk flank LLBL continues for about 12 hours 
until the outer plasmasphere has become depleted. The 
modeled He* densities in the LLBL are around 0.2-2 cm' 3 
that is in the range of observed values of total densities 
appropriate to He* in the LLBL. In our simulation we have 
only considered the convection of plasma that remains on 
closed field lines. Flux tubes in the outer plasmasphere may 
also convect out to the magnetopause, reconnect with the 
IMF, and convect over the polar cap [Elphic et al., 1997; 
Freeman et al., 1977]. 
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Figure 1. Electric potential pattern in the ionosphere for a total 
polar cap potential of 72 kV. The shaded region shows the 
approximate area that maps to the outer magnetosphere and LLBL 
regions. 

Figure L 'Electric potential pattern in the ionosphere for a total polar cap potential of 72 kV. The shaded region shows 
the approximate area that maps to the outer magnetosphere and LLBL regions. 

Figure 2. Electric potential pattern in the equatorial 
magnetosphere for a total polar cap potential of 72 kV. The 
dashed line shows the inner boundary of the LLBL. 

Figure 2. Electric potential pattern in the equatorial magnetosphere for a total polar cap potential of 72 kV. The 
dashed line shows the inner boundary of the LLBL. 

Figure 3. Plotted are the total polar cap potential drop, the total 
potential drop across the LLBL and the width of the LLBL, both at 
MLT=15» used in the model simulation. 

Figure 3. Plotted are the total polar cap potential drop, the total potential drop across the LLBL and the width of the 
LLBL, both at MLT=15, used in the model simulation. 

Plate 1 . Modeled cold plasma density distribution in the 
equatorial magnetosphere at 0, 3, 5, and 21 hours during the 
simulation. The white line marks the location of the inner edge of 
the low-latitude boundary layer. The axis are geocentric in units of 
Re. Color bar shows density color scale used. 

Plate 1. Modeled cold plasma density distribution in the equatorial magnetosphere at 0, 3, 5, and 21 hours during the 
simulation. The white line marks the location of the inner edge of the low-latitude boundary layer. The axis are 
geocentric in units of Re. Color bar shows density color scale used. 


D. L. Gallagher, and D. M. Ober, ES83, Space Science 
Laboratory, NASA Marshall Space Flight Center, Huntsville, A1 
35812. 

J. L. Horwitz, CSPAAR, The University of Alabama in 
Huntsville, Huntsville, A1 35899. 


OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 


CONVECTION OF PI .ASM AS PI 1 FR IC PLASMA 



OBER ET AL. 


CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBERETAL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 

CONVECTION OF PLASMASPHERIC PLASMA 
OBER ET AL. 


CONVECTION OF PLASMASPHERIC PLASMA 












4HT ESS*..* NASA Scientific and Technical Document 
1QBF Administration Availability Authorization (DAA) 

Thm DAA apprwal proems •pptma to •* forma ofpubUshad NASA SciarMc and Technical Information (STf), whathm diaaaminatod in print or atoctonicalty It is to ba ioibatod by 
tha rasponsibla NASA Projaci Ofhcmr, Tachnical Monitor, author, or other appropriate NASA official for all presentations, reporta, papara, and prooaadinga that contain NASA S77. 
Explanations non the back of this form and me presented in praetor detail in NPG 2200.2, H Guidelines for Documentation, Approval, and Dissemination of NASA Scientific and 
Technical Information. 0 

Original 
| | Modified 

| 1. DOCUMENT/PROJECT IDENTIFICATION 1 

TITLE 

Convection of Plasmaspheric into the Outer Magnetosphere and 
Boundary Layer Region: Initial Results 

AUTHOR(S) 

Daniel Ober 
J. L. Horwitz 
Dennis L. Gallagher 

ORIGINATING NASA ORGANIZATION 
Marshall Space Flight Center 

PERFORMING ORGANIZATION (Ifdmrtnt) 
ES83/Space Plasma Physics Branch 

CONTRACT/GRANT/INTERAGENCY/PROJECT NUMBER(S) DOCUMENT NUMBER(S) DOCUMENT DATE 

For preaantetiona, documents, or other STJ to be axtomatty published (including through electronic madia), actor 
appropriate information on the intended publication such as name, place, and date of conference, periodical, or 
journal nama, or book titto and publisher in the next box. These documents must be routed to the NASA Heedquartors 
or Center Export Conkot Administrator for approval (see Sections III and VIII). 

Publication - ISTP Monograph AGU 
08/98 

U. SECURITY CLASSIFICATION 


CHECK ONE (One of the five boxes denoting Security Classification must be checked.) 

□ SECRET □ SECRET RD □ CONFIDENTIAL □ CONFIDENTIAL RD g) UNCLASSIFIED 

111. AVAILABILITY CATEGORY 


Q ITAR Q EAR 

Export Controlled Document - USML Category /CCL Export Control 

Classification Number (ECCN) (Documents marked in this bk>ck must have the 

concurrence/approval of the NASA Headquarters or Center Export Control Administrator (see Section VIII).) 

□ TRADE SECRET 

□ SBIR 

□ COPYRIGHTED 

Confidential Commercial Document (check appropriate box at left and indicate below the appropriate limitation and 
expiration): 

| | U.S. Government agencies and U S. Government agency contractors only 

|~~] NASA contractors and U.S. Government only 

PI U.S. Government agencies only 

CD N ASA personnel and NASA contractors only 

j [ NASA personnel only 

f ~1 Available only with the approval of issuing office: 

[ | Limited until (date) 


Publicly available documents must be unclassified, may not be export controlled, may not contain trade secret or 
confidential commercial data, and should have cleared any applicable patents application process. 

IV. DOCUMENT DISCLOSING AN INVENTION 

THIS DOCUMENT MAY BE RELEASED ON (dafej NASA HQ OR CENTER PATENT OR INTELLECTUAL PROPERTY COUNSEL SIGNATURE DATE 

V. BLANKET RELEASE (OPTIONAL) 

i — | All documents issued under the following contra ct/grant/project number 
‘ — * may be processed as checked in Sections II and III. 

[ | The blanket release authorization granted on (date) 

| | is RESCINDED - Future documents must have individual availability authorizations. 

I — | is MODIFIED - Limitations for all documents processed in the STI system under the blanket release should be changed to conform to blocks 
> — 1 as checked in Sections II and III. 


NASA FORM 1676 AUG 97 


Computer Generated 


PLEASE CONTINUE ON REVERSE S/DE 
















— — VI. AUTHOR/ORIGINATOR VERIFICATION j 

1 oofrtroJted, confidential commercial information, and/or discloses an invention for which a patent has been 

LI appropriate limitation is checked in Sections III and/or IV. 

_ does NOT contain export controlled, confidential commercial information, nor does it disclose an invention for which a patent ha 
E9 may be released as indicated above. 

applied, and the 
s been applied, and 

NAME OF AUTHOR/ORIGINATOR 

Dennis L. Gallagher 

MAIL CODE 

ES83 

SIGNATURE/} 

n/m** L 



DATE 

L:,;;:::.: ~ 

VII. PROJECT OFFICER/TECHNICAL MONITOR/DT 

VISK2P CHIEF review 


[^APPROVED FOR DISTRIBUTION AS MARKED ON REVERSE 


1 I NOT APPROVED 


NAME OF PROJECT OFFICER OR TECH. MONITOR 

Gregory S. Wilson 

HUM 


DATE 


VIII. EXPOR/C 



Public release is approved 

[~“] Export controlled limitation is approved 

[ | Export controlled limitation Is not applicable 

| | Export conlrolJed^iUtion (ITAR/EAR) marked in Section III is assigned to this do 

cument: 

USML CATEGORY NUMBER 

CCL ECCN NUMBER 

HQ^^NTER^^X 


DATE 

i-zin 


IX. PROGRAM OFFICE OR DELEGATED AUTHORITY REyfEW | 

[[] APPROVED FOR DISTRIBUTION AS MARKED ON REVERSE 


j | NOT APPROVED 


NAME OF PROGRAM OFFICE REPRESENTATIVE 

MAIL CODE 

S 

signature Blanket approval authorized per memo by 
B.I. Edelson, dated March 6, 1986 

DATE 


THIS form! when completed, istobe sent to your center publications office 
C 07 0/Edward D. Medal oJi'V / ATOIS/Joyce E. Turner Waits 

s ZE 


d-- 


INSTRUCTIONS FOR COMPLETING THE NASA SCIENTIFIC AND TECHNICAL DOCUMENT AVAILABILITXAUtHORIZATION (DAA) FORM 

Confidential Commercial Documents (Documents containing Trade Secrets, 
SBIR documents, end/or Copyrighted Information). Chock the applicable box 
(see NPG 2200.2 paragraph 4.5.7). When any of those boxes are checked, also 

i .. . _ .i Awniralmn in (Ka lief In IKa rinhl nf ihdfiA 


Purpose. This DAA form Is used to prescribe the availability and distribution of all 
NASA-generated and NASA-funded documents containing scientific and technical 
information (including those distributed via electronic media such as the World Wide 
Web and CD-ROM). 

Requirements. The author/originator must provide either a suitable summary 
description (title, abstract, etc.) or a completed copy of the document with this form. 
This form is initiated by the document author/originator and that individual is 
responsible for reoommending/determining the availability/distribution of the 
document. The author/originator completes Sections I through III, and VI. The 
auttor/originator Is also responsible for obtaining information and signature in 
Section Kr to the extent the document discloses an invention for which patent 
protection has been applied. Subsequent to completion of these sections, the 
authortoriginator forwards the document to the appropriate Project ^ 

Manager/Technical Monitor/Division Chief for further review and approval in Section 
VU, including a re-review of the planned availability and distribution. Once this 
approval is obtained, the DAA is forwarded to the NASA Headquarters or Center 
Export Administrator for completion of Section VIII. It is then forwarded for 
completion of Section IX to the cognizant NASA Headquarters Program Office or 
Delegated Authority, who provides final review and approval for release of the 
document as marked. 

When to Use This Form. Documents containing STI and intended for presentation 
or publication (including via electronic media) must be approved In accordance with 
the NASA STI Procedures and Guidelines (NPG 2200.2). Documents that are to be 
published in the NASA STI Report Series must be coordinated with the appropriate 
NASA Headquarters or Center Scientific and Technical Information Office in 
accordance with NPG 2200.2. Note that information on the Report Documentation 
Page (if attached) is not to be entered on the DAA except for title, document date, 
and contract number. 

How to Use this Form. Specific guidelines for each section of this form are detailed 
below. 

L Document/Prolect Identification . Provide the information requested, If the 
document is classified, provide instead the security classification of the title and 
abstract. (Classified information must not be entered on this form). Include RTOP 
numbers on the Contract/Grant/Interagency/Project Number(s) line. Provide 
information on presentations or externally published documents as applicable. 

II. Security Classification. Enter the applicable security classification for the 
docui^t5ocumerits73classiried , will be available only to appropnately cleared 
personnel having a "need to know." 

III. Availability Category for Unclassified Documents . Check the appropriate 
category or categories. 

Export Controlled Document If the document is subject to export restrictions (see 
NPG 2200.2, paragraph 4.5.3), the appropriate restriction must be checked, either 
Intemationalfraffic in Arms Regulations (ITAR) or Export Administration 
Regulations (EAR), and the appropriate United States Munitions List (USML) 
category or Commerce Control List (CCL), Export Control Classification Number 
(ECCN) must be cited. 


indicate the appropriate limitation and expiration in the list to the right of these 
restrictions. These limitations refer to the user groups authorized to obtain the 
document. The limitations apjtfy both to the initial distribution of the documents and 
the handling of requests for the documents. The limitations will appear on and apply 
to reproduced copies of the document. Documents limited to ^A^rsonnel ^ 
should not be made available to onsite contractors. If the Available Only With the 
Approval of issuing Office limitation is checked, the NASA Center for AeroSpace 
Information will provide only bibliographic processing and no initial dislnbution; CASl 
will refer all document requests to the issuing office. 

Publicly Available Document - Unrestricted Distribution . Check this box if the 
information in the document may be made available to the general public without 
restrictions (unrestricted domestic and international distribution). If the document is 
copyrighted (see paragraph 4.5. 7. 3 in NPG 2200.2), also check the "Copyrighted 
box in this section. 

IV. Document Disclosing an Inventi on. This must be completed^en the 
document contains information that discloses an invention (see NPG 2200.2, 
paragraph 4.5.9). When this box is checked, an additional appropriate a\« stability 
category must be checked. Use of this category must be approved by NASA 
Headquarters or Center Patent Counsel or the Intellectual Property Counsel. 

V. B lanket Release (Optional) . Complete this optional section whenever 
subsequent documents produced under the contract, grant, or project are to be given 
the same distribution and/or availability as described in Sections II and HI. More than 
one contract number or RTOP Number can be entered. This section may also be 
used to rescind or modify an earlier Blanket Release. All blanket releases must be 
approved by the Program Office or Ms designee and concurred with by the Office of 
Management Systems and Facilities. 

VI. Author/Orlalnator Verification . Required for all DAA forms. 

VII. Project Offlcer/Technical Mon itor/Division Chief Review. The Project 
Officer/Technical Mom tor/ Author orOr ig ina tor Division Chief or above must sign and 
date the form. The office code and typed name should be entered. 
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VIII. Export Control Revlew/Conflrmatlon . 
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documents. 

IX. Program Office or Delegated Authority Review . This section is to be 
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Program Office. Any delegation from NASA Headquarters to a NASA Center in 
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